We present a detailed study of charged-current (CC) neutrino-nucleus reactions in a fully relativistic framework and comparisons with recent experiments spanning an energy range from hundreds of MeV up to 100 GeV within the SuperScaling Approach, which is based on the analysis of electronnucleus scattering data and has been recently improved with the inclusion of Relativistic Mean Field theory effects. We also evaluate and discuss the impact of two-particle two-hole meson-exchange currents (2p-2h MEC) on neutrino-nucleus interactions through the analysis of two-particle two-hole axial and vector contributions to weak response functions in a fully relativistic Fermi gas. The results show a fairly good agreement with experimental data over the whole range of neutrino energies.
I. INTRODUCTION
The enormous progress over recent years on neutrino oscillation experiments have motivated many theoretical efforts to achieve a consistent and accurate description of neutrino-nucleus scattering in the GeV region. At these kinematics, several measurements of CC neutrinonucleus scattering cross sections have been performed by different collaborations (MiniBooNE [1, 2] , NOMAD [3] , T2K [4] [5] [6] , SciBooNE [7] , MINERνA [8, 9] ), revealing the need of describing in a precise way the relevant reaction mechanisms, mainly the quasielastic (QE) regime, one pion production and 2p-2h MEC contributions. In particular, the CCQE MiniBooNE results [1, 2] have stimulated many theoretical studies devoted to explaining the apparent discrepancies between data and most theoretical predictions based on the Impulse Approximation (IA). Based on results from different groups, the inclusion of effects beyond IA, such as multinucleon excitations, mainly 2p-2h MEC contributions, has allowed one to explain these data without including any effective parameter (such as the axial mass M A ) [10] [11] [12] [13] .
In this context, a consistent evaluation of the (e, e ′ ) cross section in the same kinematical regime is crucial for a proper analysis of neutrino-nucleus interactions as it provides a decisive benchmark for assessing the validity of the theoretical description not only in the QE regime, but also for the 2p-2h MEC contributions as well as at higher energy transfers (nucleonic resonances, inelastic spectrum). This has been recently studied in detail in [14] , where good agreement with (e, e ′ ) data is reached in the framework of the SuperScaling Approach (SuSA) for a wide range of kinematics, covering from the QE regime to the deep inelastic spectrum.
The SuSA approach [15] [16] [17] [18] assumes the existence of universal scaling functions for both electromagnetic and weak interactions. Analyses of inclusive (e, e ′ ) data have shown that at energy transfers below the QE peak superscaling is fulfilled with very good accuracy [16, 17, 19] : this implies that the reduced cross section exhibits an independence of the momentum transfer (first-kind scaling) and of the nuclear target (second-kind scaling) when expressed as a function of the appropriate scaling variable (ψ), itself a function of the energy (ω) and momentum transfer (q). Nevertheless, at energies above the QE peak both kinds of scaling are violated, which is associated with effects beyond IA, such as 2p-2h MEC or with inelastic contributions. An extension of this formalism, originally introduced to describe the QE regime, to the ∆-resonance domain and the complete inelastic spectrum -resonant, non-resonant and deep inelastic scattering (DIS) -has also been proposed in recent works [20] [21] [22] .
Recently we have developed an improved version of the superscaling prescription, called SuSAv2 [23] , by incorporating relativistic mean field (RMF) effects [24] [25] [26] in the longitudinal and transverse nuclear responses, as well as in the isovector and isoscalar channels. This is of great interest in order to describe CC neutrino reactions that are purely-isovector. Furthermore, a natural enhancement of the transverse nuclear response emerges from the RMF theory as a genuine relativistic effect.
As mentioned before, 2p-2h MEC play an important role in the analysis of neutrino oscillation experiments, being relevant especially in the "dip" region between the QE and the ∆ peaks. These are added to our model in the so-called SuSAv2-MEC approach.
Although a comparison of neutrino scattering data with the SuSAv2-MEC predictions was already performed in [27] , here two novelties are introduced in the model. The first one concerns the implementation of RMF effects in the SuSA approach. While the RMF works properly at low to intermediate q-values, where the final-state interactions (FSI) between the outgoing nucleon and the residual nucleus are significant, at higher momentum transfers these effects should become negligible and the Relativistic Plane Wave Impulse Approximation (RPWIA) -where the initial state is described by a mean field but FSI are neglected -is more appropriate to describe the nuclear dynamics in this regime. The pure RMF model fails to reproduce the smooth transition to the RPWIA at high q due to the strong energyindependent scalar and vector potentials included in the model. Hence both approaches are incorporated in the present SuSAv2 model by using a q-dependent blending function, as described in [14] , in such a way that the RMF dominates at low and intermediate q-values whereas the RPWIA contributions start to be relevant at higher momentum transfer. The same approach has been applied not only to the QE but also to the inelastic regime and has been shown to provide a successful description of electron-nucleus inclusive data [14] once 2p-2h excitations are also taken into account.
The second new aspect of the present calculation concerns the treatment of 2p-2h excitations. In [27] we used the exact fully relativistic vector MEC evaluated in [28, 29] . In this work we include for the first time the fully relativistic weak (with vector and axial components) charged meson-exchange currents, in both longitudinal and transverse channels. These have been evaluated in [30] [31] [32] from an exact microscopic calculation, where the two-body current is the sum of seagull, pionin-flight, pion-pole and ∆-pole operators and the basis wave functions are non-interacting Dirac spinors.
From this baseline, the SuSAv2-MEC predictions can be employed for the analysis of neutrino-nucleus reactions covering the entire energy spectrum once all the inelastic channels, already included for electron scattering, are also incorporated for neutrino reactions. This is presently in progress and results will be presented in a forthcoming publication. In this work we restrict ourselves to the contribution ascribed to the ∆-resonance that in most of the cases plays a major role. This paper is organized as follows. In Sect. II we briefly introduce the formalism for CCQE neutrinonucleus scattering and describe our 2p-2h MEC calculations. In Sect. III we present a comparison of our QE and 2p-2h MEC predictions with all recent CCQE neutrino experimental data. An extension to the analysis of inclusive neutrino cross sections is shown in Sect. IV. Finally, in Sect. V we draw the conclusions of our study, including some remarks related to further work.
II. THEORETICAL FORMALISM
The general formalism describing CC neutrino-nucleus scattering has been detailed in previous works [15, 33] , where the double differential (ν l , l ′ ) cross section is given as the sum of longitudinal (L) and transverse (T) channels, each of them composed of pure vector (VV) and axial components (AA), and the interference transverse (T') vector-axial channel (VA), which is constructive (+) for neutrino scattering and destructive (-) for antineutrino one:
V K are kinematical factors, R K are the nuclear response functions and
depends on the Fermi constant G F , the Cabibbo angle θ c , the outgoing lepton momentum k ′ , and the generalized scattering angleθ.
As anticipated in the Introduction, in this work we evaluate the nuclear responses by employing a set of purely isovector scaling functions based on the RMF and the RPWIA models (SuSAv2 model) in order to account properly the FSI between the ougoing nucleon and the residual nucleus, as described in [14, 23] .
Concerning the description of the 2p-2h MEC, we employ a calculation performed within the relativistic Fermi gas model in which a fully Lorentz covariant analysis can be achieved [30, 31] . In the present study we include for the first time the axial contribution in both longitudinal and transverse channels.
As it has been analyzed in previous works, a fully relativistic calculation of the 2p-2h MEC response functions involves a non-trivial calculation of all the many-body MEC diagrams, which implies more than 100,000 terms and subsequent seven-dimensional integrations. To reduce the computational time as well as to ease the implementation of the model in MonteCarlo generators used in the analysis of current neutrino oscillation experiments, where a broad range of kinematics are involved, we make use of a parametrization of the MEC responses. The functional form employed for the parametrization of the transverse electromagnetic vector response was detailed in [27] . In the present work, we follow this prescription and extend it to the different axial and vector components involved in the analysis of CC neutrino reactions as well as considering both transverse and longitudinal contributions.
Finally, we consider an extension of the SuSAv2 model to the region where the ∆-excitation dominates, as presented in [22] . This approach has been carried out by subtracting the QE+MEC contribution from the experimental (e, e ′ ) cross section in a similar way as done in the SuperScaling model for the QE regime. Therefore, we obtain a new scaling function f ∆ which is suited to the ∆-resonance region and can be applied to analyze inclusive neutrino-nucleus cross sections, such as recent results from the T2K and SciBooNE collaborations. In this section we illustrate and discuss in detail some properties of the 2p-2h MEC response functions.
In Fig. 1 we compare the contributions of the different 2p-2h MEC responses as functions of the energy transferred to the nucleus for two values of the momentum transfer, q=600 and 1000 MeV/c. Note that in general the 5 responses are comparable in size, depending on the specific kinematics. However, in the cross section the contribution of the CC and LL is roughly compensated by that of the negative CL response, so that for neutrino energies below ∼ 1 GeV the net longitudinal contribution plays a minor role in the total MEC response. This is illustrated in Fig. 2 , where the L, T and T' contributions to the 2p-2h MEC cross section are displayed versus the neutrino energy. At higher energies the L and T' contributions become comparable, both being much smaller that the dominant T one.
The balance between the longitudinal and transverse 2p-2h channel discussed above is somehow different from the one emerging in the electromagnetic case. As described in a recent work [14] , the longitudinal electromagnetic MEC response is indeed negligible with regard to the transverse one. However, as illustrated in Fig. 2b , we notice that when computing the total 2p-2h MEC weak cross section the longitudinal contribution is dominated by the axial channel and thus it plays a more relevant role compared with the EM case.
Concerning the transverse responses, it is noticeable that the magnitude of the pure axial and vector channels to the cross section are very similar. Moreover, the vector-axial interference contribution reaches its maximum around E ν ∼1 GeV and decreases at higher energies as a consequence of the behavior of the leptonic factor V T ′ .
The analysis of the evolution with q of the individual transverse components (see Fig. 3 ) shows that the axial term is larger than the vector one at low-intermediate kinematics (q < 800 MeV/c) whereas the opposite occurs at higher kinematics.
To conclude this section, it is also important to identify the kinematical region where the 2p-2h MEC responses attain their maximum values. This is clearly illustrated in the density plot of Fig.4 , which represents the double differential cross section in terms of ω and q at E ν = 3.0 GeV; here the top (bottom) panel corresponds to the 2p-2h MEC (pure QE) contributions. As shown in the figure, the main contribution to the MEC cross section comes from q ∈ (0.3, 1.0) GeV/c and ω ∈ (0.3, 0.8) GeV. On the contrary, the QE peak is moved to lower values of ω. Both the one-body and two-body responses die with the momentum transfer q, but their ratio is rather constant (see [31] ). Although results in Fig.4 correspond to a fixed incident neutrino energy, 3 GeV, similar results are obtained for larger E ν values. It is important to point out the differences between our predictions and those ones based on the model of Nieves [34] that show the 2p-2h MEC contribution to be shifted to slightly bigger values of the energy and momentum transfer. For completeness we also show in Fig.5 the density plots for the 2p-2h MEC contributions in terms of the values of the muon kinetic energy and the scattering angle for three values of neutrino energy: 1 GeV (top panel), 3 GeV (middle) and 10 GeV (bottom). As observed, the main contribution resides in the region of very small angles, close to zero.
III. RESULTS
In this section we show the predictions of the SuSAv2-MEC model compared with data from different collaborations: MiniBooNE, MINERνA, T2K and SciBooNE. Our study is mainly restricted to the quasielastic (QE) regime where the impulse approximation in addition to the effects linked to the 2p-2h meson-exchange currents play a major role. However, some results that incorporate the contribution of the ∆ excitation are also compared with data. As shown in [14] the SuSAv2-MEC model has been applied to the inelastic region for electron scattering. Its extension to neutrino reactions is in progress and their predictions will be shown in a forthcoming publication. However, the resonant pion production, that in most cases is the largest contribution, is computed following our previous investigations in [22] .
In the case of the QE regime, our study includes the analysis of neutrino and antineutrino scattering reactions corresponding to MiniBooNE as well as to MINERνA experiments. In the latter we consider muon and electron neutrinos. Results for T2K are also analyzed in detail. In this case, in order to make the discussion that follows simpler, we first restrict ourselves to the QE domain, and we extend the discussion later to inclusive charged-current (CC) neutrino reactions where high inelasticities are of significance. Our main interest is to show the capability of the present model, SuSAv2-MEC, to describe successfully a large variety of neutrino scattering data corresponding to different experiments with a wide range of kinematics explored. The model, that was already proven to be capable of reproducing (e, e ′ ) data, is now extended to neutrinos with emphasis on the crucial role played by 2p-2h MEC effects. These have been computed for the first time within a fully relativistic formalism and without resorting to any particular assumption on the different responses: vector-vector, axial-axial and vector-axial interference.
A. CCQE experimental cross sections
In Figs. 6 and 7 we show the double differential cross section averaged over the neutrino (antineutrino) energy flux against the kinetic energy of the final muon. Fig.6 ( Fig.7 ) corresponds to neutrino (antineutrino) scattering on 12 C. Data are taken from the MiniBooNE collaboration [1, 2] . We represent a large variety of kinematical situations where each panel refers to results averaged over a particular muon angular bin. Notice that the mean energy of the MiniBooNE ν µ (ν µ ) flux is 788 (665) MeV. These high energies require a fully relativistic treatment of the process. In Figs. 6 and 7 we show results for the pure QE response (blue line), the total contribution of the 2p-2h MEC (orange dashed line), i.e., including vector and axial terms in the three responses, L, T and T'. Finally, the total response (QE+2p-2h MEC) is represented by the red dot-dashed line.
As observed, the model tends to overpredict the data for the most forward angles, i.e., 0.9 ≤ cos θ µ ≤ 1. This corresponds to very small energy and momentum transfers, a kinematic situation where "quasi-free" scattering is highly questionable. However, note how well the pure QE response (blue line) fits the data, in particular, for neutrinos. As the scattering angle increases, the theoretical prediction including both the QE and the 2p-2h MEC effects agrees well with the data. This is the case for neutrinos ( Fig.6 ) at all angles. On the contrary, in the case of antineutrinos (Fig.7) the discrepancy between theory and data tends to increase as θ µ gets larger. Notice, however, that in these situations only a small number of data points with large uncertainties exist and the cross section is much smaller. Results in Figs. 6 and 7 clearly show the relevant role played by effects beyond the impulse approximation. In particular, 2p-2h MEC contributions are essential in order to describe data. This has been discussed at length in previous works [10, 35, 36] but using different kinds of non-relativistic approximations and some assumptions on the behavior of the responses entering in neutrino reactions, i.e., assuming the axialaxial contributions being equal to the vector-vector ones and the interference T' response to be proportional to the pure transverse vector-vector one. Here we calculate explicitly all the contributions within a fully relativistic framework (see results in Figs. 6 and 7). As shown, the contribution of the 2p-2h MEC effects is very relevant for both neutrinos and antineutrinos, their relative percentage at the maximum, compared with the pure QE response, being of order 25 − 35%. The relative strength associated with 2p-2h MEC gets larger for increasing values of the angle, particularly, in the case of antineutrinos. Note that, in spite of the quite different neutrino and antineutrino energy fluxes, the quality of the agreement with data is rather similar in the two cases.
To complete the previous discussion on the double differential cross sections, we present in Figs. 8 and 9 the results averaged over the muon kinetic energy bins as functions of the muon scattering angle for neutrinos and antineutrinos, respectively. These graphs complement the previous ones, and prove the capability of the model to reproduce the data for a large variety of kinematic situations. The 2p-2h MEC contributions increase the pure QE response by ∼ 25 − 35% (depending on the particular region explored) and are shown to be essential in order to describe the data. As observed, the total model tends to overpredict the data measured at angles close to zero and T µ in the vicinity of ∼ 0.8−1 GeV. This is consistent with results in previous figures and the inability of the model to describe properly data at very small angles. However, the largest discrepancy between theory and data occurs at the smallest muon kinetic energy bins considered, i.e., 0.2 < T µ < 0.4, in particular, for neutrinos ( Fig.8) and angles bigger than 90 0 (cos θ µ < 0). As seen, the data are higher by ∼ 25 − 30% than theoretical predictions. This outcome is consistent with the partial results shown in the panels on the bottom in Figs. 6 and 7.
In Fig. 10 results are presented for the MiniBooNE flux averaged CCQE ν µ (ν µ )− 12 C differential cross section per nucleon as a function of the muon scattering angle (top panels) and the muon kinetic energy (bottom panels). The integration over the muon kinetic energy has been performed in the range 0.2 GeV < T µ < 2.0 GeV. Panels on the left (right) correspond to neutrinos (antineutrinos). As shown, and in consistency with previous results, the SuSAv2-MEC model is capable of reproducing the magnitude as well as the shape of the experimental cross section in all of the cases. For completeness, we also show in Fig.11 the total flux-unfolded integrated cross section per nucleon versus the neutrino (left panel) and antineutrino (right) energies. The energy range has been extended to 100 GeV and data are shown for the MiniBooNE and NOMAD experiments. Whereas 2p-2h MEC contributions are needed in order to reproduce MiniBooNE data (in consistency with the discussion applied to previous figures), the NOMAD experiment seems to be in accordance with the pure QE response. As observed, the role of 2p-2h MEC is very significant at all neutrino (antineutrino) energies, getting an almost constant value for E ν (E ν ) greater than 1 − 2 GeV. At these values the pure QE cross section is increased by ∼ 30 − 35% due to 2p-2h MEC. It is important to point out that, in spite of the very large neutrino (antineutrino) energies involved in NOMAD experiment, the main contribution to the cross section, about ∼ 90%, comes from momentum and energy transfers below ∼ 1 GeV/c and ∼ 0.5 GeV, respectively.
The results in Fig. 12 correspond to the MINERνA flux averaged CCQE ν µ (ν µ ) differential cross section per nucleon as a function of the reconstructed four-momentum Q 2 QE (see [37] for details). The top panel refers to ν µ − 12 C whereas the bottom panel contains predictions and data for ν µ −CH. The mean energy of the MINERνA flux is much higher than the MiniBooNE one, about 3 GeV for both ν µ and ν µ . As observed, significant contributions of the 2p-2h MEC, of the order of ∼ 35−40% (∼ 25%) at the maxima for ν µ (ν µ ), are needed in order to reproduce the experimental data that correspond to a new analysis performed by the MINERνA collaboration [37] . These data exceed by ∼ 20% the ones already presented in previous publications [8, 9] that, on the other hand, were consistent with calculations based exclusively on the impulse approximation (see [39] ). Thus, the new MINERνA analysis shows its consistency with the MiniBooNE data. In spite of the very different muon neutrino (antineutrino)
Similar comments apply to the case of electron neutrinos [38] . In Fig.13 we present the MINERνA flux averaged CCQE ν e differential cross section per nucleon as a function of the electron energy (top-left panel), electron angle (top-right) and reconstructed four-momentum (bottom-left). Compared to the muon neutrino (antineutrino) fluxes, the ν e and ν e ones have roughly the same shape in the region of the peak but the tail region is significantly higher in the electronic case. In all of the situations, results are shown for the pure QE response based on the IA (black line), the 2p-2h MEC contribution (orange dashed line) and the total response (blue dot-dashed). In all the cases the contribution at the maximum coming from the 2p-2h MEC is roughly 30 − 35% compared with the pure QE response. These results are similar to the ones already presented for muon neutrinos (antineutrinos), and they show the importance of 2p-2h effects in order to explain the behavior of data. As observed, the model is capable of reproducing successfully the data. For completeness, we present in the right-bottom panel the results corresponding to the ratio between the flux averaged CCQE ν e + ν e and ν µ cross sections versus the reconstructed four-momentum. We compare the predictions of the model (red curve) with the data. However, the large error bars presented by the data make this particular analysis rather questionable.
In Fig. 14 we present the flux-averaged double differential cross sections corresponding to the T2K experiment [6] . The graphs are plotted against the muon momentum, and each panel corresponds to a bin in the scattering angle. As in previous cases, we show the separate contributions of the pure QE, the 2p-2h MEC and the sum of both. Contrary to the MiniBooNE and MINERνA experiments, the T2K data show a larger dispersion with significant error bands. Concerning the theoretical predictions, in the present case the relative contribution of the 2p-2h MEC compared with the pure QE is significantly smaller than in the previous cases; of the order of ∼ 10% at the maximum of the peak. This can be connected with the T2K neutrino flux that, although with an averaged neutrino flux similar to MiniBooNE, shows a much narrower distribution. Hence 2p-2h MEC contribute less to the differential cross section.
As observed, the theoretical model is capable of reproducing the data although, contrary to the previous experiments, the addition of the 2p-2h MEC does not seem to improve in a clear way the comparison with data. Due to the large error bands and great dispersion shown by T2K data in most of the kinematical situations, both the pure QE as well as the total, QE+2p-2h MEC, predictions are in accordance with the experiment. It is interesting to point out the results for the most forward angles, i.e., the panel on the right-bottom corner. Notice that the QE and 2p-2h MEC contributions are stabilized to values different from zero for increasing muon momenta as a consequence of the high energy tail of the T2K neutrino flux. This is at variance with all remaining situations where the cross sections decrease significantly as the muon momentum p µ goes up.
IV. INCLUSIVE ν-12 C CROSS SECTIONS
The whole analysis presented in the previous section has been restricted to the case of CCQE cross sections, i.e., only considering the contributions coming from the pure QE peak and the 2p-2h MEC effects. Here we extend our study by including the inelastic contributions. We restrict our discussion to the effects associated with the ∆ resonance. The analysis of higher inelasticities is still in progress and it will be presented in a forthcoming publication. The addition of inelastic channels is essential in order to explain inclusive charged-current neutrino cross sections. This is the case of recent data taken by the T2K collaboration [4, 5] , both for muon and electron neutrinos, as well as the SciBooNE experiment [7] . Fig.15 contains the data and theoretical predictions corresponding to the T2K flux-averaged inclusive double differential cross sections for muon neutrinos. Results are shown as function of the muon momentum and averaged over particular muon angular bins (each panel). The separate contribution of the QE (solid blue line), 2p-2h MEC (dashed red) and the ∆ resonance (brown band) are presented. The global response is shown by the green band. The band in the pion contribution takes care of the uncertainty associated with the description of the ∆ scaling function as discussed in detail in [22] . As observed, the model provides a very nice description of data once all contributions are included, i.e., QE, 2p-2h MEC and pion. This is consistent with the kinematics implied by the present T2K experiment being the ∆ resonance the main response (almost the only one) within the inelastic region. This was already discussed in detail in [22] where a similar figure was presented, although based on the original SuSA model and with incomplete 2p-2h MEC calculations. The main difference between the two calculations is the inclusion, in the new results, of the axial 2p-2h contribution. Whereas in [22] the purely vector MEC were found to be negligible at these kinematics, in Fig. 15 it is shown that the axial two-body currents give a contribution almost as large as the one associated with the ∆ resonance. The experimental error bars are too large to allow one to discriminate between the two results and both calculations are compatible with the data.
The inclusive T2K experiment for electron neutrinos is analyzed in Fig.16 where the flux-averaged single differential cross sections are shown. Results are presented against the electron scattering angle (top panel), the electron momentum (middle) and the reconstructed fourmomentum (bottom). In the three cases we show the separate contributions corresponding to the QE response (blue line), the 2p-2h MEC (red dashed), pionic (brown band) and the total response (green region). Although, 6 as noted, the role associated with the ∆ resonance is essential, the data are located above the model predictions. This implies that other higher nucleon resonances, not taken into account in the present description, may also have a significant role in explaining T2K ν e data. This is particularly true for increasing values of the electron momentum (see results in the middle panel) and/or the reconstructed four-momentum transfer (bottom panel). Work along this line is presently in progress.
To conclude, we present in Fig. 17 the results for the SciBooNE experiment [7] . These correspond to CC ν µ (ν µ ) scattering on a polystyrene target. The data are presented as a total unfolded integrated cross section as a function of the neutrino energy. Because of the unfolding procedure to reconstruct the neutrino energy, one should be very cautious in the comparison between data and theoretical predictions (see discussion in [7] ). The case of neutrinos is presented in the left panel of Fig.17 in comparison with available data, whereas the predicted cross section for antineutrinos is referred to the right panel. Results in Fig.17 are similar to the ones shown in Fig. 7 of [22] , although there the 2p-2h MEC calculation only included the pure vector contributions. In fact, one can observe how the complete 2p-2h MEC calculation, now including also the axial currents, leads to a much more significant contribution, bringing the global predictions closer to the data. Contrary to the analysis in [22] , here the model reproduces the neutrino data up to 1 GeV. However, for higher energies the model still underpredicts the data by a significant amount. This result clearly indicates that new channels and higher nucleon resonances, in addition to the resonant pion production, should be added to the model. Finally, for completeness, we also show the results obtained for electron antineutrinos with the separate contributions of the different channels. Notice that the role ascribed to the 2p-2h MEC effects is of the order of ∼ 15% (∼ 20%) for neutrinos (antineutrinos), approximately twice compared with the values discussed in [22] .
V. CONCLUSIONS
We have performed a joint calculation of quasielastic and 2p-2h contribution to neutrino and antineutrino scattering cross sections in 12 C, using the SuSAv2 model for the quasielastic responses and the relativistic Fermi gas model for the 2p-2h meson exchange currents in the weak sector. The model has been validated in the vector sector by describing the full set of inclusive electron scattering 12 C data. We have analyzed the published data from the experiments MiniBooNE, T2K, MINERvA, NOMAD and SciBooNE, spanning a wide range of neutrino energies from hundreds of MeV to hundreds of GeV. For comparison with inclusive data we have used an extension of the SuSAv2 model to the ∆ production region to model resonant pion production. We find that the 2p-2h channel is large, contributing about 15-25% depending on the kinematics, and it is essential to describe a great amount of experimental data.
This model is a promising candidate for analyzing the forthcoming neutrino experiments; work is in progress to extend it to higher inelasticities, to provide the separate charge channel contributions, pn, pp and nn emission [40] , and to describe the cross section of asymmetric nuclei (Z = N ). [7] .
